Summary -Gynodioecious populations of Beta vulgaris ssp maritima were found all along the French coasts; 42% of the populations were gynodioecious. Locally, there were large sex-ratio differences between populations, ranging from 0 to 76% of females. This large variation was even found between populations less than 1 km apart. Molecular 
INTRODUCTION
Gynodioecy, defined as the occurrence of both male sterile (female) and hermaphroditic plants within natural populations, is observed in a wide array of plant taxonomic groups: 7.5% of the angiosperm species display this breeding system (Delannay, 1978; Kaul, 1988) . Male sterility is also a genetic resource widely used for plant breeding due to its convenience for performing controlled crosses and for the commercial production of hybrid cultivars. Consequently, the evaluation of the diversity of this resource, as well as the identification of its genetic and molecular determinants are of great interest.
The distribution of gynodioecious populations and the sexual phenotype frequencies vary widely among species. In different species of thyme, all populations studied are gynodioecious, although there is a remarkably large variation in female frequency among populations: between 10 and 95% in Thymus vulgaris (Dommée et al, 1983; Belhassen et al, 1989) ; between 17 and 87% in Thymus zygis; and between 41 and 99% in Thymus mastichina (Manicacci, 1993) . Conversely, in some other species like plantains, the frequencies of male steriles are lower, between 4 and 22% in Plantago lanceolata (Van Damme, 1984) , and 5 and 27% in Plantago coronopus (Koelewijn, 1993) . Finally, in other species including Armeria maritima, gynodioecious populations are only found in a restricted part of the distribution area of the species (Baker, 1966; Vekemans et al, 1990) . Male sterility has been frequently reported in wild beet (Mikami et al, 1985; Halldén et al, 1988 Halldén et al, , 1990 Mann et al, 1989) . Previous studies have focused on the estimation of female frequency variation, as well as on the origin of the maintenance of male steriles at high frequency in natural populations (Boutin et al, 1987 (Boutin et al, , 1989 Saumitou-Laprade et al, 1993 (Boutin et al, 1987 (Boutin et al, , 1989 .
In almost all of the gynodioecious species studied, male sterility is controlled by nuclear and cytoplasmic interaction (Kheyr-Pour, 1980 Van Damme, 1983; Kaul, 1988; Belhassen et al, 1991; Koelewijn 1993 (Owen, 1945) . In wild beet, the genetic determination of male sterility is also nucleo-cytoplasmic, but the cytoplasmic factors involved differ from those used in the breeding programs of cultivated sugar beet (Boutin et al, 1987 (Hanson, 1991 (Atlan, 1991) . At the other extreme, only 3 mitochondrial types have been identified in Plantago lanceolata, each correlated to one of the 3 different cytoplasms implicated in male sterility in this species (Rouwendal et al, 1987) . In Beta vulgaris ssp maritima, 5 different mitochondrial types have been found within 2 populations (Boutin et al, 1987; Saumitou-Laprade et al, 1993) .
In this study we (table V) .
Since the inaugural paper of Lewis (I941), many population genetic models have examined the conditions for the maintenance of females at high (and variable) frequencies. Initially dealing with nuclear inheritance of male sterility (Lloyd, 1976; Charlesworth and Charlesworth, 1978) , they have gradually taken into account a nucleo-cytoplasmic control of the sexual phenotype variation (Charlesworth, 1981; Delannay et a4, 1981; Frank, 1989; Gouyon et al, 1991) . In nucleo-cytoplasmic models, male sterility has been seen as a result of an evolutionary conflict between cytoplasmic and nuclear genomes concerning resource allocation to production of male gametes (Cosmides and Tooby, 1981) . Selfish, sterilising, cytoplasmic genes tend to spread in populations, and are counteracted by nuclear suppressors of male sterility. The nucleo-cytoplasmic conflict generates varying gene frequencies of both cytoplasmic and nuclear genes, with periods of high female frequencies alternating with periods of low frequencies, or even absence, of females (Frank, 1989; Gouyon et al, 1991) .
The framework provided by these theoretical models suggests explanations for the wide spatial variation of the female frequency observed in many gynodioecious species and especially in wild beet. Restricted gene flow leads to population subdivision and consequently to an asynchrony between different populations in the evolutionary dynamics of the nucleo-cytoplasmic, sex-determining system. Thus, spatial variation of female frequencies could be due to geographically variable cytoplasmic and nuclear gene frequencies. The respective contribution of cytoplasmic and nuclear genes to the sex ratio variation between populations has not been established. In particular, 2 important questions remain to be answered: how many cytoplasms determining male sterility are there in populations, and what is the geographical variation of nuclear restorer genes ? Indeed, a low frequency of females in a population can be due either to a low frequency of a cytoplasm conferring male sterility or to a high frequency of restorer genes.
All the identified 'cytoplasmic genes' responsible for male sterility have been found within the mitochondrial genome (Newton, 1988; Hanson et al, 1989; Hanson, 1991 (Mikami et al, 1985; Halldén et al, 1988) (Atlan, 1991 (Palmer and Herbon, 1988) . However, the frequency of rearrangements within species and, in particular, the generating rate of male sterile cytoplasms are still not known and need further investigation.
